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a  b  s  t  r  a  c  t
Plastics  are  increasingly  combined  with  renewable  ﬁbers  to  form  materials  such  as
wood-plastic  composites  (WPCs).  These  bio-based  materials  have  gained  the  interest  of
the  resource-intensive  building  industry  and  are currently  used  mainly  for decking  and
cladding.  Despite  their  environmental  friendliness,  WPC  fac¸ ades  are  still underrepresented
in  the  market.  This  fact  raises  the  question  of whether  WPC  cladding  is currently  well  posi-
tioned  in the market  and whether  its attributes  are  advertised  in a way  that makes  it stand
out in  a  material  selection  process.  A review  of  standards  and  codes  relevant  to  fac¸ ade  design
was carried  out  in this  study,  which  allowed  the  identiﬁcation  of 21  product  attributes  as
potential  deciding  factors  in  cladding  product  selection.  Subsequently,  the  most  promising
attributes  were  used  to assess  commercially  available  plastics-based  cladding  products.
By using  multi-criteria  decision  making  (MCDM)  it  was  found  that  WPC  cladding  is  still
far behind  other  cladding  products  with  respect  to standard  compliance  but  has  speciﬁc
properties  which  support  product  optimization.  MCDM  can  be  used  by WPC  cladding  man-
ufacturers  for  strategic  product  development  and  by  fac¸ ade  designers  for  material  selection
processes.
©  2016  The  Authors.  Published  by Elsevier  Ltd.  This  is  an  open  access  article  under  the  CC
BY-NC-ND  license  (http://creativecommons.org/licenses/by-nc-nd/4.0/).
. Introduction
Besides requiring massive amounts of energy for production, fac¸ ade products are based on non-renewable raw materials
uch as fossil fuels and metal ores. In recent years, traditional materials are increasingly being substituted by sustainable
nes. One example of the latter is bio-based plastics, such as wood-plastic composites (WPCs), which consist of wood ﬁbers
mbedded in a petrochemical-polymer matrix. Decking and cladding are among the main products made of WPCs. There is
n emerging body of literature concerning the use of bio-based plastics instead of petrochemical polymers, which relieves
he pressure on scarce resources [1–5]. However, their use in “green” fac¸ ades is still in its infancy because their development
onstitutes a challenge, particularly for small and medium-sized enterprises (SMEs).
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Because of recent developments in WPCs, manufacturers promote their products with sales pitches citing ecological
arguments such as recyclability, high content of biological material and non-hazardous disposal. However, this is being
done despite a lack of concrete data or proof conﬁrming these arguments [6]. Furthermore, the price for WPC  cladding
is currently about 55 D /m2, which is close to the price of other professional building products and also similar to that of
glass-ﬁber-reinforced plastics (GFRP). Finally, manufacturers often claim that their products only need little maintenance,
that durability is high and installation is easy. Producers also provide insufﬁcient information about technical properties,
certiﬁcates and approval documents. It appears that current WPC  cladding is marketed at private house owners rather than
architects and engineers who are generally in charge of material selection for building projects. Hence, it can be theorized
that the WPC  industry is overlooking a market segment with potential.
In this paper a study is presented, the goal of which was to provide answers to the following questions on WPC  cladding:
(1) Who  are the main decision makers for fac¸ ade planning and cladding selection?
(2) What other plastics-based cladding products could serve as references for strategically improving a product positioning
strategy for WPCs?
(3) What WPC  properties are potential candidates to help reduce the existing gap to the reference products?
One main objective of this study was to identify the product attributes that are of most interest to decision makers. This
would allow small and medium-sized WPC  manufacturers in particular to effectively use their scarce development resources
for product optimizations.
2. Theoretical framework
2.1. Product-positioning strategy
The assessment of plastic composites requires a good understanding of both the material and product technology and
the development-related management process. Composites are complex materials whose properties can be customized for
speciﬁc applications if their requirements are known in advance. Loonen et al. [7] suggest that the main problems in early-
stage innovation planning are the amount of information required versus the information available as well as the small
number of executed experiments.
From a literature review it was found that only individual aspects of material composition and performance have been
investigated so far, and even those mostly without considering a potential application of the material [8–11]. However, in
innovation processes a wide range of factors need to be taken into account. Product development in the building industry in
particular is a challenge for the companies, because the materials are expected to be highly durable in outdoor use. Besides
technical aspects, Aeberhard [12] lists the economic, socio-cultural, political, legal, ecological and immediate environment
of the company as factors to be considered when determining product speciﬁcations. Kaul and Rao [13] suggest that the most
inﬂuential factors are the competition of a ﬁrm and the current state of technology. Obviously, all these factors inﬂuence
product development. For a number of reasons, there is yet no concept for the development of WPC  products with a focus on
the material attributes that contribute most to the performance of the material for a particular application. Many authors,
such as Kwong et al. [14], consider product development a joint task of marketing and R&D. Feinberg et al. [15] suggest
using an iterative convergent approach which incorporates engineering capabilities and consumer preferences investigated
by conjoint analysis. Performance characteristics which are subjected to physical, production and normative constraints
should be identiﬁed at the earliest possible stage. In product development both interests were traditionally addressed
separately, which frequently led to unexpected obstacles.
The product development practices of a company generally incorporate either engineering or marketing aspects, and
ideally a mix  of both. A handful of product development methods can be found in innovation-management literature. Kaul
and Rao [13] consider the issue from a technical standpoint. They think of product development predominantly as the design
of product characteristics and attributes which are subsequently used to derive marketing-mix variables. By doing so, the
product positioning can be dominated by rather technical attributes which should attract the attention of customers. The
selection of appealing product attributes should also be made in light of the strategic objectives of the company. In this
context, Kwong et al. [14] and Feinberg et al. [15] propose the application of an analytical target-cascading (ATC) model in
the product development process, in which a top-down hierarchy of product targets is deﬁned ﬁrst and solutions are found
iteratively from the bottom up by considering the superior goals. Technical problems are then solved stepwise by linked
discipline, and limiting constraints must be considered at the superior level.
Choosing a material design concept which best meets the manufacturer‘s needs and the appropriate nature of a target
application is a selection process for which various strategies can be found in the literature. The material and product
design concept should therefore be developed at the conceptual design stage which happens long before the beginning
of product development. Hambali et al. [16] propose a selection model concept called “Concurrent Design Concept and
Materials Selection” (SDCMS) which supports engineers in the design process and material selection. Their method uses
the attributive hierarchy process (AHP), among others, followed by various sensitivity analyses to identify the criteria that
most inﬂuence the decision. A similar approach is chosen by Loonen et al. [7], who  investigated the performance of product
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ariants with structured parametric studies. These concepts show the highest level of professionalism; however, in practice
ost WPC  manufacturers are SMEs which do not possess advanced skills in product management.
It can be argued that during the development of a product made from composites the focus should be on the material
ttributes, which in the case of WPC  signiﬁcantly inﬂuence product performance. Therefore, the development process is
irectly linked to engineering aspects, taking into account not only the company‘s key knowledge in material technology
ut also in the target application—in this case fac¸ ades. The most promising market positioning strategy depends on marketing
spects which take into account preferences of target customers and deciders. The question about who  decides the selection
f the fac¸ ade material has to be answered prior to starting the development process of WPC  cladding. Compared to WPC
ecking, cladding still only shows moderate market growth, although it was  launched in the European building market
everal years ago. Taking into account the importance of a positioning strategy and the inﬂuence of the target decider on
he success of a product, it can be theorized that, for WPC  cladding, a sales approach targeting architects, fac¸ ade installers
nd planners could be more successful than merely offering the product to private house owners.
.2. Identiﬁcation of the decision makers
The Building Product Regulation (EU) No. 305/2011 [17] speciﬁes how a fac¸ ade material is used in a building. According
o this guideline, cladding is deﬁned as a building product whose purpose is to be installed permanently in a building or
art thereof and whose properties inﬂuence the building performance (EU No. 305/2011, Art.2.1). This deﬁnition applies
o WPC  cladding. National regulations, such as the German state building code, Landesbauordnung (LBO) [18], furthermore
equire that buildings and building parts, such as fac¸ ades, must under no circumstances represent a danger to public safety,
ealth and livelihood (LBO §3(1)). A building part complies with these demands if it is stable (LBO §13(1)). The stability of a
ladding product in a fac¸ ade is regulated by standards, for example by DIN 18516 [19] in Germany. Proof of structural safety
equires, among others, the calculation of material stresses due to wind load, proﬁle deﬂections and connection resistances.
urthermore, the German LBO considers the house owner, architect, structural engineer, contractor and site manager as
he persons responsible for complying with these regulations (LBO §41). For the preparation, execution and supervision
f building projects, which are subject to local approval, the house owner must appoint appropriate collaborators, such as
lanners, contractors and site managers (LBO §42). If no fac¸ ade engineer is involved in the building project, the contractor
ust, according to the LBO, ensure that the selected products meet the requirements set out in the building regulations; for
xample structural ﬁtness, ﬁre resistance etc. (LBO §44). The site manager, which could also be a contractor, must ensure that
he building part is erected according to the design provided by the planner (LBO §45(1)). According to the German LBO, the
rection, maintenance and removal of cladding parts do not require approval by local authorities; an approval is required
nly for multi-story buildings with a height of more than 22 m.  However, this does not exempt a decider from ensuring that
he cladding meets the legal requirements in terms of stability and safety.
The German LBO stipulates that cladding products must be approved prior to their application in fac¸ ades (LBO §17(1)). This
pproval is obtained by complying with national regulations, for example DIN standards. If no such standard is available a
ational approval document is required, which states that this particular product is approved for fac¸ ade applications. Further,
 so-called Ü mark must be displayed on the product (LBO §17(1) 1 and (3)). If a WPC  cladding product is imported and was
roduced according to a harmonized European standard (EN), this standard then determines what product attributes must
e published by the manufacturer in the form of a declaration and CE mark (LBO §17(2) b). If there is also no harmonized
orm, the manufacturer must carry out a product approval, which is called a European technical assessment (ETA) and
lso uses the CE mark to indicate approval of the product. To better support the decision making of the contractor, a visual
ark is placed on the product in both cases: the Ü mark for national approval and the CE mark for EU-wide approval of the
PC  cladding product. When introducing a new product into the market, the manufacturer, domestic or foreign, must gain
pproval for the product using one of the described methods.
According to national or European codes, WPC  cladding is a building product which must comply with existing standards
r have obtained product approval. As the harmonized standard EN 15534 [20] determines the compound properties a
anufacturer has to publish, WPC  as a material is entirely regulated. EN 15534, Part 1, applies to the material only and
oes not demand a CE mark. As a consequence thereof, a contractor or engineer might not choose a WPC  cladding product
or a fac¸ ade project if it does not have the appropriate approval mark. It could be concluded that there must be another
tandard containing information about the marking procedure that applies to cladding products, since no such information
s provided in EN 15534-1. As soon as a cladding proﬁle is manufactured from a WPC  compound it turns into a building
roduct which, according to the standard, must be shown to be ﬁt for its purpose. However, there is still no such EU-wide
tandard, which means that manufacturers must obtain a cladding kit approval from either national authorities, resulting
n an Ü mark in the case of Germany, or from the European Organization for Technical Assessment (EOTA) [21], resulting
n a CE mark for EU-wide use. The EOTA has already issued a guideline explicitly for cladding kits, which is the European
echnical Approval Guideline (ETAG) 034:2011 [22]. This document describes the approval procedure for the manufacturer
ncluding tests, product properties, and production control parameters.
In the previous sections the European Regulation EU 305/2011 [17], European Technical Approval Guideline (ETAG) 034
22], and DIN 18516-1 [19] for Germany were identiﬁed as the relevant regulations for WPC  manufacturers to consider when
aking a product available to fac¸ ade planners or contractors.
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One of the main goals of this paper is to provide medium-sized WPC  manufacturers with insights that support their
strategic product-development planning. Optimizations should be carried out to meet the needs of as yet neglected deciders.
This would, according to Kaul and Rao [13], lead to further sales growth. Kwong et al. [14] suggest a four-step approach for
effective product positioning, in which the products of one manufacturer are compared to those of the competitors with
respect to the ratings of different properties.
Considering the information presented in the previous paragraphs, the following hypothesis is put forth:
H. Multi-Criteria Decision Making (MCDM) is an appropriate method for assessing the gap between WPC  cladding and
other plastics-based cladding products in terms of compliance with legal and normative requirements for buildings. Insights
could serve as input for strategic product positioning.
3. Methodology
The problem-solution process was a step-wise approach derived from Loonen et al. [7], which includes the follow-
ing items: (1) deﬁnition of reference product groups; (2) identiﬁcation of WPC  cladding attributes used by decision
makers in fac¸ ade planning; (3) identiﬁcation of the attributes which most inﬂuence a standard-compliant fac¸ ade, and
weighting of these attributes; (4) assessment of WPC  cladding relative to selected related product groups; (5) param-
eter study to identify the attributes with potential for WPC-cladding optimization and (6) derivation of recommenda-
tions.
To ﬁnd out which products best meet the needs of the decision makers, multi-criteria decision-making (MCDM) was
applied using the weighted-sum method (WSM). This method has gained popularity in the construction industry due to the
increasing complexity and time pressure in solution ﬁnding [23]. Bauer and Brown [24], for instance, were using it to assess
the appropriateness of solar furnaces for reducing winter heating costs. In their case study they derived multiple attributes
from a literature meta-analysis. Zavadskas et al. [25] proposed using MCDM in the search for structural systems and materials
for fac¸ ades using twelve criteria related to performance, environmental effects and efﬁciency. Hambali et al. [16] wrote about
how to support the material selection process and suggested a selection-model concept called “concurrent design concept
selection and materials selection” (CDCSMS). It allows for the selection of the most appropriate design concepts and materials
for automotive composite components at the conceptual design stage. To identify the most effective decision-making method
for energy planning, Pohekar and Ramachandran [26] studied 90 papers and identiﬁed the analytical hierarchy process (AHP)
as a key concept. They pointed out that when dealing with non-quantiﬁable attributes, subjective preferences of the decision
makers have a strong inﬂuence on the decision output.
The AHP works with qualitative and quantitative properties [27]. According to Wong and Li [28], such criteria are often
collected by way of expert interviews, narrative literature reviews and inductive reasoning. To assure the highest possi-
ble objectivity, in the study at hand basic criteria in fac¸ ade planning were selected from the previously described Building
Product’s Directive No. 305 [17] during the MCDM and were broken down into sub-criteria if the respective information
was given in DIN 18516 [19], EN 15534 [20] and ETAG 034 [22]. One main purpose of this study was to ﬁlter out the most
important attributes. Therefore, the approach had to reduce the sub-criteria to a small and manageable number for effective
product optimization by small and medium-sized WPC  manufacturers. An appropriate weight had to be determined for
each of these attributes, according to its importance for the identiﬁed decision maker. For this purpose, product approval
documents are a promising source of information for the practical design process of building elements made from par-
ticular cladding product kits. From these the weights can be derived. However, there are still no such technical approvals
for WPC  cladding. Therefore, product approval documents for related materials were reviewed, in particular plastic-ﬁber-
reinforced cementitious cladding, which is similar to WPC  in terms of assembly as well as susceptibility to humidity, UV
rays and mechanical impact. Approvals from the USA (ESR-1248), Great Britain (BBA-4454), France (CSTB-AT 2/15-1690),
and Germany (DIBT-Z-31.1-158) were studied in detail. This approach follows the philosophy of Wong and Li [28] who
demand a source of input data which best represents the common view of experts. Ranking the attributes according to their
importance was seen as the most critical step in this study. The extensive literature review revealed that this procedure
is generally done by pair-wise comparison for each of the lower attribute levels. Saaty [29] suggested using a multi-point
Likert scale for assessing the relative importance of two criteria. This suggestion was  followed in many AHPs, for example in
Zainol et al. [30]. As pointed out previously, personal preferences very much inﬂuence the calculation of attribute weight in
interviews. An aim of the concept presented in this study is to provide a practical solution for SMEs, which means avoiding
time-consuming interviews. Hence, simple top-down ranking was used, reﬂecting the number of occurrences of a particular
attribute within the reviewed approvals. In contrast to expert interviews, this approach is objective by nature. Once they
have been ranked, the attributes are weighted according to their hierarchical position. In the literature about AHPs several
approaches for the calculation of the weighting coefﬁcients (w) are proposed. Jee and Kang [27] as well as Zavadskas et al.
[25] applied the entropy method which uses a log scale for weighing. Other approaches focus on linear ranking, such as
the rank order centroid (ROC) method which was  applied by Bauer and Brown [24]. To support the concentration on only
a small number of sub-criteria, called moderators, a non-linear scale was  used in the study at hand, which weights the
highest-ranking attributes disproportionally higher than the lowest-ranked ones. This scale was utilized because otherwise
all identiﬁed sub-attributes would seem to be equally important.
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If n is the number of attributes, the weight wj of the j-th criterion is calculated as follows:
wj =
(
1
n
)
×
n∑
j=1
(
1
j
)
and 0 ≤ wj ≤ 1 for j = 1, ..., n. (1)
In MCDM the weighted sum method (WSM)  is generally used to ﬁnd the best alternative for a set goal [24]. According to
opfe et al. [31], the best alternative among m options represents the leading product group, which is given as:
Ai,max = max
{
Ai, i = 1, ..., m
}
, (2)
here
Ai =
n∑
j=1
aij × wj (3)
and a¯ij is the normalized j-th attribute value of the i-th alternative.
In this case study multiple attributes were used, which were derived from a review of standards relevant to fac¸ ade design.
 decision maker would therefore focus on quantiﬁed product properties but sometimes also on prerequisites, the fulﬁlment
f which can be answered by “yes” or “no”, such as the availability of test reports, for example for termite resistance, if the
ac¸ ade is designed for Mediterranean regions. Finally, Ai is a composite factor which contains as many of these aspects as
ossible. However, as the aspects have different units, for example [N/mm2], [mm]  or [-], the aij-value needs to be normalized
rior to linear aggregation. Considering m different variables within a j-th attribute and assuming that the highest value max
ij represents the best performance in this set of attributes, Zavadskas et al. [25] apply the following normalization method:
aij =
aij
maxaj
. (4)
Using the lowest value, min  aij , as the best performance in this scope yields
aij =
minaj
aij
. (5)
The parameter aij represents the performance of a product category, such as WPC  cladding, in an attribute. The perfor-
ance is the most favorable value of a particular product feature, and it was  derived from a review of data from one to ﬁve
ndividual manufacturers per product category. As expected, the identiﬁed product features within any group exhibited only
 small standard deviation due to the common nature of their intended use. An added limitation of the applied normalization
rocess was provided for attributes which were assessed by a “yes/no” answer. A value of 1.0 for positive and 0.0 for negative
ffect size was applied. The availability of the previously mentioned termite test report for a WPC  fac¸ ade in Southern Italy,
or example, received a score of 1.0. No report being available is counterproductive to the decision; however, in this case a
eutral score of zero was awarded.
Finally, the m alternatives were ranked according to their ﬁnal composite score Ai and illustrated in a portfolio (Fig. 2).
t its core, this paper aims to quantify the gap caused by the moderators, and between WPC  cladding and the product for
hich the highest number of design rules exist. Therefore, using this method one attempts to understand the attributes
hich most inﬂuence the gap and which obviously need to be optimized so as to keep up with the leading product. This is
sually possible by varying particular attribute variables and subsequently measuring the resulting gap. As the amount of
oderators was expected to be small, a complex parameter analysis was  avoided in this study, and the direct focus was  on
he few moderators as strategically valuable product properties.
. Case study ﬁndings and discussion
.1. Deﬁnition of reference product groups
As approval reports were not available for all examined products, the attributes that make up the ﬁrst 50% of the weights
ere derived from plastic-ﬁber-reinforced cementitious cladding, for which appropriate documents have been available
or many years. This product is a composite containing plastic and cellulose ﬁbers as well as additives. Its performance is
nﬂuenced by the same parameters as that of WPC  cladding, and both products are used in ventilated fac¸ ades. The only
ifference between the cementitious and plastics-based cladding is the material of the matrix, which has a mineral basis
n the case of ﬁber cement, whereas the matrix of WPCs is polymeric. The matrix of the former and ﬁbers of the latter are
usceptible to humidity, which signiﬁcantly reduces the bending strength of both materials. The assessment itself was done
n a population of currently available cladding with a plastics matrix. Five (m = 5) product groups were identiﬁed, which
ontain plastics either with or without ﬁbers: (1) pure PVC cladding; (2) PP- or PE-based WPCs; (3) chipboards with a resin
atrix; (4) GFRP with a resin matrix and (5) high-pressure laminates (HPL) with a resin matrix.
32 D. Friedrich, A. Luible / Case Studies in Structural Engineering 5 (2016) 27–37Fig. 1. Flowchart showing 21 material and product attributes which inﬂuence the cladding selection process.
4.2. Derivation of attributes from codes and standards
In Section 2 of this paper EU regulation 305/2011 [17] was identiﬁed as the standard which deﬁnes the fundamental
requirements for buildings. The requirements are centered around seven basic criteria (Fig. 1): (A) mechanical resistance
and stability, (B) safety in the case of ﬁre, (C) hygiene, health and the environment, (D) safety in use, (E) energy economy and
heat retention, (F) protection against noise and (G) sustainable use of natural resources. It should be noted that all criteria are
equally important and are not ranked. They were subsequently narrowed down by applying DIN 18516 [19] in combination
with ETAG 034 [22] and EN 15534 [20] which propose test methods for aspects A to G. DIN 18516, for example, demands the
following requirements for criterion (A) to be met: strength calculations (A.1) due to wind loads for both the fac¸ ade panel
(A.1.1) and the connection of the cladding to the sub-construction (A.1.2). Therefore, attributes such as the design value
Rd [kN/m2] are needed. The design value is obtained from three-point-bending tests, from which the modulus of rupture
(A.1.1.1) and the section modulus Wy of the cladding proﬁle (A.1.1.2) are derived. As far as the connection is concerned, a
resistance value Rd [kN] (A.1.2.2), which is calculated considering the shear load due to the cladding weight (A.1.2.1), must
be obtained by pull-out tests. The bulk density of the material must be determined according to the ETAG. Following the
procedure in EU regulation 305/2011, most of the subordinate criteria were broken down into sub-attributes that make it
possible to issue a proof statement for criteria A–G. The following ﬂowchart provides a better overview of the basic design
criteria and appropriate sub-attributes (Fig. 1).
4.3. Hierarchization and weighting of attributes
The design process of a fac¸ ade demands good understanding of both material performance attributes and the calculation
procedures for strength, deformations and other relevant parameters speciﬁed in the basic criteria A to G. The same knowl-
edge is necessary for the ranking of the identiﬁed sub-attributes. As the approach in this study is expected to be reproducible
so as to be used by SMEs in the WPC  industry, the order ranking must be universally valid and realizable even without such
background knowledge. It can be theorized that because the evaluation process is based on reviewed literature it is as far as
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ossible free from any subjective bias. To simplify the determination of appropriate weights it made sense to ﬁrst identify
he sub-attributes which, being moderators, make up 50% of all weights. Table 1 shows the results from the non-linear order
anking according to Eq. (1). It is important to note that the determination of the j-th weight is made without consideration
f the sub-attribute values aij . These values will be multiplied by the weight in a subsequent assessment. Table 1 reveals
hat the ﬁrst four criteria are the moderators on which the assessment will focus. Therefore, it is sufﬁcient to concentrate on
hese four criteria to obtain an effective approach, which means that signiﬁcantly less knowledge is required because there
s no need to weight the remaining 17 attributes.
As described previously, approval documents, if available, would constitute the basis for any fac¸ ade design, including
hat of the considered WPC  products. The selected documents represent the state of the art in the ﬁeld of composite-based
entilated fac¸ ades on the European and American continent. They can also be applied to the assessed products. However,
ome of the criteria are present in all reports, whereas others are found only in some of them. It can therefore be concluded
hat the former describe the most important properties of ventilated fac¸ ades and the latter are additional criteria for the
uilding element, such as economic or ecological aspects, which are only relevant to some countries. The four moderators are
ence those with the highest number of occurrences in the reviewed reports. Table 1 also shows the results from the review
f the selected approval documents in which the following sub-attributes occurred most frequently: A.1.2.2 (connection
esistance) and A.1.1.1 (modulus of rupture in bending) occurred in all ﬁve documents, A.1.2.1 (surface load) was mentioned
n four documents, A.1.1.2 (section modulus) only in three documents. Approval no. 4454, issued by the British Board of
grément (BBA), states that the most likely mode of failure under wind loading is pull-through of the connectors due to
ind suction, which makes A.1.2.2 more important than A.1.1.1. Obviously, crucial criteria for ventilated fac¸ ades are related
xclusively to structural ﬁtness. This agrees with the LBO, which stipulates that the building element must be stable.
.4. Calculation of the scores of alternatives
The product search was expanded to Central Europe and m = 5 groups consisting of 5 PVC-based, 6 WPC-based, 1
hipboard-based, 2 glass-ﬁber-based and 3 high-pressure-laminate-based cladding products were identiﬁed. As can be
een in Table 2, a reference-value aij was found from the manufacturer reviews as group representative for each of the four
oderators. A lack of information is marked by “no” in Table and was assigned zero points; therefore, this did not contributeo the total product group score Ai.
As expected, the manufacturers did not supply values for all attributes. Nevertheless, applicable values were obtained
or some criteria, and they were normalized according to Eq. (4). The results from the group assessment are summarized in
able 3.
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Table 1
Identiﬁcation of the top four sub-attributes making up 49% of the weights.
Table 2
Ranked attributes j and identiﬁed values per attribute aij.
Ranked j-th attribute Metrics unit Most favourable value of performance attribute aij
PVC cladding (5) WPC  cladding (6) Chipboard cladding (1) GFRP cladding (2) HPL cladding (3)
Top four moderators A.1.2.2 [N] no no no no 700
A.1.1.1 [N/mm2] no 30 45 140 120
A.1.2.1 [kg/m2] 3.8 9 9 7 11.2
A.1.1.2 [mm3/m] no no no no 10,660
Table 3
Normalized values a¯ij per j-th attribute and aggregated group scores Ai.
Ranked j-th attribute Weight wj Normalized value of performance metrics a¯ij
PVC cladding (5) WPC  cladding (6) Chipboard cladding (1) GFRP cladding (2) HPL cladding (3)
Top four moderators A.1.2.2 0.17 0.00 0.00 0.00 0.00 1.00
A.1.1.1 0.13 0.00 0.21 0.32 1.00 0.86
A.1.2.1 0.10 0.34 0.80 0.80 0.63 1.00
A.1.1.2 0.09 0.00 0.00 0.00 0.00 1.00
AScore 0.03 0.11 0.12 0.19 0.47
The multiplication of the normalized variable a¯ij of an attribute with the appropriate weight wj leads to a j-th fraction
score. The fraction scores are subsequently aggregated into the i-th composite Ascore. As far as the moderators were concerned,
high-pressure laminate (HPL) cladding with Amax = 0.47 of 0.49 was  identiﬁed as the most regulated product in this study
(Fig. 2). With a total of 21 sub-attributes it is unlikely that any of the products could obtain a result signiﬁcantly closer to
the maximum score of 1.0.As far as the objective of this study is concerned, WPC  cladding came next to last in the ranking, with the same score
as chipboards. This is due to the fact that WPC  exhibits comparatively low bending strength (modulus of rupture), which
was attributed the second-highest weight (A.1.1.1). Surprisingly, the moderator with the highest weight, A.1.2.2 (connection
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esistance), was available only for HPL, which contributed signiﬁcantly to its leading position and the resulting gap to the
ther products.
.5. Conclusions from the parameter study
It can be seen clearly that the attributes relating to structural ﬁtness make up more than 50% of the weights. They
epresent the key factors for manufacturers and should either indicate better performance of the product compared to
ts direct competitors or at least be made available to be used for fac¸ ades designs, which would obviously attract the
ttention of deciders. The following can therefore be recommended for improving the performance of WPC  cladding within
 re-positioning strategy:
1) Connection wind load resistance (A.1.2.2): This performance attribute has a weight of 17% and can be determined accord-
ing to the ETAG 034-1, Chapter 5.4.2. This resistance can be obtained from simple pull-out tests of the fasteners. The
result is a characteristic value which subsequently needs to be multiplied by a safety factor to obtain the design value.
This value can be used by structural engineers to calculate the distance between the elements of the sub-construction of
the WPC  panels. DIN 18516, Chapter 6.4.3, stipulates a safety factor of m = 2.0. Assuming that this type of information is
not available for any other product group, WPC  cladding would then obtain a score of 0.17, which would increase Ascore
from 0.11 to 0.28. This example illustrates that in MCDM simply an algorithm is applied which combines and aggregates
individual values. In theory, WPC  would therefore be ranked as the better product. In practice this is obviously not the
case, because other products also have a pull-out resistance which, for example for HPL, might be even higher. However,
when specifying a material, a decider might thus tend to select a WPC  product if all information needed for fac¸ ade design
is available. For further development of WPCs it is therefore strongly recommended to lessen or close the gap to the
leading product and to differentiate it from its competitors. Assuming that the pull-out resistance of WPC  cladding is
400 N, its Ascore increases from 0.11 to 0.11 + (400/700)*0.17 = 0.21, which places it ahead of GFRP cladding in the ranking.
2) Publishing attributes which are not available for competing product groups is a rather short-term solution to stimulate
market success by catering to the preferences of the target group. This raises the question of whether it would be beneﬁcial
to improve an already declared attribute. Again, the criteria which carry a higher weight become disproportionally more
important than others and are crucial to successfully reaching the customer. For WPC  cladding these key criteria are
A.1.2.2 (connection resistance) and A.1.1.1 (bending strength). Increasing the surface load would be beneﬁcial for the
fraction score of attribute A.1.2.1. However, adding more material to the proﬁle in order to increase this value will most
likely reduce the company‘s proﬁt signiﬁcantly, which is not desirable, even if a thicker proﬁle might also increase the
value for moderator A.1.1.2. A much better optimization strategy would focus on improving the connection resistance
by redistributing the material of the panel from areas where it contributes only little to the stiffness, for example from
the inner walls of a hollow proﬁle, to the ﬂanges where the screws are positioned. The additional material in the area
of the connectors leads to a higher pull-out resistance. The resulting gain in score for A.1.2.2 is higher than the decrease
in score for A.1.1.1. Finally, improvements in the bending strength of WPC  cladding increases the score for A.1.1.1 by
(1/140)*0.13 = 0.0009 per MPa. If it is intended to increase Ascore by 0.09–0.20 in total, an additional 97 MPa  in bending
strength would be needed. It is questionable whether this target could be reached. All in all, the largest beneﬁts seem to
be gained by optimizing the connection mechanism.
3) It should be noted that for none of the extruded cladding proﬁles a section modulus value Wy was provided which could
be used by fac¸ ade planners to calculate the stresses in the material due to wind load. This geometric product attribute
can be derived from the panel cross section. As all products have different shapes and dimensions it is wise to give this
value per meter width to enable a comparison among the product groups. Here, the large thickness of WPC  cladding
allows it to compensate its comparative weak bending strength. For example, a 20 mm  thick hollow WPC  proﬁle has a
Wy which is about 2.5 times that of an 8 mm thick HPL panel. This increases Ascore for WPC  cladding from 0.11 to 0.20
and reduces Ascore of HPL to 0.42, which lessens the gap between them signiﬁcantly. This calculation shows clearly that
WPC cladding has convincing features which can be used strategically in target-group-related product promotion, but
this is not being done yet. This example illustrates that the currently declared bending strength of WPC  cladding, which
was determined by three-point-bending tests according to EN 310, only represents a quality criterion for comparisons
among similar WPC  cladding products. Without the necessary background knowledge a decider could interpret this as
a poor application-related material feature compared to other products and particularly to HPL cladding. This becomes
even more crucial when taking into account the similar price level of both product groups. Whenever WPC  cladding is
marketed at fac¸ ade planners and contractors, much more transparent product information needs to be provided.
. Summary and outlook
Fac¸ ade planners and contractors were identiﬁed as the main deciders in cladding product selection in this study. Based on
heir preferences, an assessment of ﬁve cladding product groups was carried out. It was  found that high-pressure laminate
ladding has a strong focus on normative regulations and can serve as a strategic reference for further development of WPC
ladding. This is consistent with the statements of Kaul and Rao [13] who  suggest that the competition is a driving force for
ptimization. By combining a multi-attribute assessment using non-linear distributed weights with a parameter study of
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only a few attributes, an opportunity for WPC  cladding to lessen the gap to the leading product group was  identiﬁed. This
supports the ﬁndings of Hambali et al. [16], who suggest combining the AHP with a sensitivity analysis to identify potential
areas for optimization. Two strategies were presented: (1) WPC-cladding manufacturers could declare product attributes,
for example the resistance of fasteners, which have not been declared so far. This has been shown to provoke positive
reactions from the key deciders. (2) Existing product features, such as the section modulus Wy, are latently available but
need to be promoted much more intensively. From a practitioner’s point of view, deriving selection attributes from current
standards and codes, which deciders must consider in their decision making, represents the status quo in fac¸ ade planning.
Furthermore, the presented weighting concept delivers objective results and attaches more importance to attributes which
a decider might consider ﬁrst when evaluating materials for use in a fac¸ ade. Lastly, the used methods consider the gaps
between all variables within a particular attribute and attach a proportionally higher weight to better values. The design of
this study is sound in regard to its prerequisites, which are objectivity and target group orientation.
This study also has some limitations. Particular attention, for example, must be paid to scores generated from data of
just one product group within a considered attribute. The absence of competing data causes a maximum weight to be
applied to the attribute, even though this does not necessarily translate into a market advantage. It can hence be concluded
that competing products should always be used as references in investigations of any product. Twenty-one attributes were
identiﬁed in this case study, but none of the assessed products will probably fully satisfy these formal criteria in practice. It
can furthermore be concluded from this that a stringent engineering approach, which is solely based on physical, normative
and production-related constraints, is not only counterproductive to market penetration but also almost impossible to carry
out. This agrees with the opinion of Kwong et al. [14] and Feinberg et al. [15] who consider product and material development
a joint task of both R&D and marketing. A concept is therefore introduced in this case study which ﬁrst identiﬁes the top
four attributes that are the primary moderators for the product selection of the target group. These moderators have high
strategic potential for product optimizations. The non-linear ranking procedure according to Eq. (1) very much simpliﬁes
the assessment.
To deliver a successful study, the third objective was  to design an approach that is useful particularly for medium-sized
and less application-oriented WPC  manufacturers. In the conceptual phase of this study it was  found that the considered
standards and codes, and the applied engineering design methods underscore the importance of having in-depth knowledge
about fac¸ ade design, attribute selection and particularly the hierarchical ranking of the selected criteria. From the knowledge
gained in this study and due to the fact that this case study was  carried out on behalf of the Swiss WPC  community, it can be
concluded that manufacturers most likely do not have sufﬁcient knowledge. The objective of the case study of delivering a
hands-on approach is therefore considered to be met  because it simply demands a review of reports and product information.
This concept can serve as guideline for SMEs to help position their fac¸ ade products relative to competitors and identify
optimization potential with respect to application-oriented performance. As far as the current positioning of WPC  cladding
is concerned, it can be argued that due to its low ranking and the nature of the published material data this novel material
is currently not marketed at the identiﬁed target deciders but rather at private house owners, as previously hypothesized.
Considered from a broader perspective, the gathered information about potential deciders – fac¸ ade planners and contrac-
tors – represents valuable input for marketing purposes. Rebalancing the marketing mix  strategy toward other strategically
important target customers could potentially enhance the proﬁt of the manufacturers. It can be assumed that the gathered
data is valid for a long time, because although codes and standards are updated regularly, their fundamental statements
remain the same over time. Furthermore, results from the study have managerial implications because they provide oppor-
tunities for taking action. It is therefore recommended to use this multi-criteria decision-making approach in the strategic
innovation planning process within SMEs. It is planned to do further research on the applicability of this concept within the
Swiss WPC  community.
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